
I 

<J& -- S-~✓~f 

B.f.3HHOB, H.A.MapbHH, A.B.CeJIHKOB 

MHOfO)lWAilA30HHhlA 
TTPEOBPA30BATEJlb BPEM~-KO)l 

Otib8AMH8HHblM 
MHCTMTYT 
RABPHblX 

MCCD8AOB8HMM 

AYfiHa 

Pl3-92-524 

HanpaBJleHO B :lKYPHaJI «npu6opH H TeXHHKa 3KCnepHMeHTa» 

1992 



3HHOB e.r., MapbHH H.A., CeJJHKOB A.B. 
MHoro,Anana30HHblH npeo6pa3oeaTeJJh epeMR-KO.A 

PIJ-92-524 

B pa(x>Tc onHchleaeTCR epcMR-U.H<l>poeoit npeo6pa3oeaTeJJb THna T-A-T. B 
npe,ACTaBJJSleMOM npH6ope peaJJH30BaH npHHU.Hn «3apSl,A-,A03apSl,A» ,A03H
py10mcro KOH.AeHcaropa .AO <l>nKcHpoeaHHoro ypoeHSI. 3ro yny'lwae-r pa6oTy 
npeo6pa30BaTeJJSI 8 yCJJOBHSIX OOJlbWHX 3arpy30K. 113MeHeHHe ,AHanaJOHa npe
o6pa30BaHHII ocymCCTBJJIICTCII TOKOBblM UAnoM. 

Pa6oTa BblnMHeHa 8 Jla6opaTOpHH 11,AepHblX npo6JJeM 0115111. 

.. 

llpenpHHT ()6,.e,I\Hllet1t10r<) HIICTHTyTa 11,1\epHblX HCCJ1e,I\OB8t1Hr;\. ,lly611a 1992 

CTepeBOA aBTOJ)OB 

Zinov V.G., Mariin N.A., Selikov A.V. 
Time-to-Digital Converter 

PlJ-92-524 

A Time-to-Digital Converter of type «T-A-T• is described. The instrument 
described operates by «charging and charging• a capacitor by two different 
currents of the same polarity to the fixed level. This improves the perfomances 
of TDC in the conditions of high input frequency. Changing of the convertion 
range is accomplished by means of the current Digital-to-Analog Converter. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR . . 
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B <f>I13II'IeCKIIX II0MepeHIIKX IIIIIpOKO IICIIO:Ih0YIOTCK rrpeo6paooBaTelIII TIIIIa 

"BpeMlI-aMIIllIITyp;a-BpeMH" T-A-T. O6rn.errpIIHKTafI cxeMa TaKoro npeo6pa

ooBaTen:z rrpxrneµ;eHa Ha pncyHKe 1. TaM JKe p;aHhI ;a;narpaMMhI HarrpzJKemm. 
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Pnc. 1 

Ha TpIIrrepe T Bhipa6aThIBaeTcz nMnyrrhc µ;n:IITeJihHOCTbIO t, paBIIOH Be

mr<rnHe II0MepzeMoro IIHTepBaJia Bpe:r-.IeHII Me2Kµ;y BXO/J;HhIMII IIMrryrr1,ca1rn 

"CTapT" II "CTOII". 3a BpeMJl t KOHµ;eucaTop oapz:ameTCK IICTO'IHIIKOM TOKa 

16 • Ilocrre OKOH'IaIIIrn uMnyrrhca KOHp;eHcaTop pa:JpmrmeTCK ;a;o Ha'IallhHoro 

ypoDHK TOKOM IM oa BpeM.lI T 0• Harrpz2Kemre Ha KOHµ;eHCaTope C 0Tcrre-

2K1rnaeTCK KOMnapaTopm,1 K. Berrn'IIIHa rrpeo6pa:JoBaHHoro IIHTepBarra T 0 

onpeµ;eruieTcz Bhipa;KeHIIeM: 

Ifo 3Toro Bhipa;KeHIIK crre;a;yeT, 'ITO CTa6IIJibHOCTb rrpeo6paooBaHHOro IIHTep

Ban:a To orrpep;ell.lieTCJl CTa6nJibHOCT1,IO paoHOIIOllKpHhIX IICT0'IHIIK0B TOKa 16 
II IM II He oaBIICIIT OT oHa'IeHIIJl eMKOCTII KOHp;eHcaTopa C. 

B crry'Iae OTCYTCTBIIJl IIMnyrr1,ca "cTou" o;a;noBII6paTop OB BO0Bparn.aeT 

cxeMy B Ha'IallbHOe COCTOJlHile no IICTe'IeHIIII BpeMeIIII, paBHoro MaKCHMan:1,

HOH BeJIII'IIIHe II0MepKeMoro llHTepBan:a. EcrrII npeo6pa30BaTellh IIMeeT He

CKOllhK0 p;nanaOOHOB II0Mepenilll, Op;HODH6paTOp /J;O:DKeH rrepeCTpannaTbCK 

µ;rrK pa6oThI Ha Tpe6yeMoM ;a;uarraooHe. 

B pa6oTe npe;a;rraraeTCJl HODhIH cnoco6 rrpeo6paoOBaHlIJl npe:r-.rnHHoro IIH

TepBarra, npII KOTOpOM nponcxoµ;IIT :JapfIµ; op;HOil0JIJl})HhIMII T0KaMII. CxeMa, 

rroJicrurrorn.aJI Ta.Kon: cnoco6, n ;a;narpaM.\fhI HarrpIDKeHlln: npIIBe;a;eHhI Ha pIIc.2. 

B na'Iarr1,HoM c:ocT0JlHllll KJIIO'I Krrl 0TKphIT, a KJIIO'I Krr2 oaKphlT. TaKnM 

o6paooM, HarrpK:lKeHlie Ha KoH;a;eHcaTope C 6mrnKo K eyJIIO. Ilocrre npnxoµ;a 

nMnyrr1,ca "cTapT" KJIIO'I Krrl oaKphIBaeTcK, a KITIO'I Krr2 0TKphIBaeTcJl. KoH

;a;eHcaTop Ha'IIInaeT oapJl)KaTLCJl 'Iepeo pemrcTophI Rl II R2 c rrocTOKHHon: 

BpeMeHlI: 

r1 =Rl*R2*C/(Rl+R2). 

i?Jt,1,cc.1;,.,·•. ";)fll,,l! · lHC.?.iYi 
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IIMIIylII,C "CTon" oaxp1,maeT KlIIO'I l\;12, n oapi!p; KOH):leHCaTopa npop;orr

)KaeTc.lI, HO y)Ke C IlOCTO.HHHOII npeMeHII 

T2 = R2*C. 

Korp;a Harrpi!)Kemre ua KOH):leHcaTope ;:i;ocTuraeT nemP:IIIHhl rropora, panHoii 

Un= U * R3/(R3 + R4), 

KOMnapaTop I{ BbI)l;aeT lli\IIIJlII,C, B03BpamaIOUJ;IIII cxeMy B rrcxo;woe COCTO

.IIHIIe. Ilpeo6paoonaHHLIII IIHTepnarr T 0 onpeiJ;eJrneTCil Bhlpa)KeHIIeM 

T0 = R2 * C * ln(R4/(R3 +R4))- t* (Rl + R2)/R2, 

TO ecTI, OH nponop~roHarreH nemPmHe 1m11epi!eMoro IIHTepnarra. B .Koaq>q>II

n;IIeHT rrporropD;HOHalII,HOCTII BXO):li!T TOlII,KO OHa"!eHII.lI peoIICTOJ)OB Rl, R2 

II KOH):leHCaTopa C. 3To ronopIIT O TOM, 'ITO CTa6H!II,HOCTI, npeo6paoona

HII.lI npegrraraeMOH cxeMbI He oaBIICilT OT TaKIIX nelIH"IIIH, KaK IlIITaromue 

HarrpmKeHIIH II ypoBHII cpa6aTbIBaHirn .KOMrrapaTopon, .KOTOphle i!Blii!IOTCH 

OCHOBHhlMil IIpII"IllHaMil HecTafornI,HOCTII pa60Thl npeo6paoonaTCJie:ii: C pao

HOIIOlllipHbI:Mll IICTO"IHIIKaMII TOKa. 
·B cnyqae, Kor,11a rrpucyTCrnye-r T0JibK0 IIMIIYJibC "crnpT", rrpo6JieMa pema

eTCJI aBTOMaTII"IeCKII. ,Ii;lllI pa60Thl npeo6paoonaTeliil Ha HeCKOJII,KIIX guarra

OOHax He Tpe6yeTC.lI ):IOilOITHIITeJII,HbIII O/J;HOBII6paTop. EcTeCTBeHHhlM o6pa-

30M pernaeTC.II II npo6rreMa 6bICTporo c6poca cxeMbI B IICXO/J;HOe COCTOlIHIIC 
rroru"!eCKIIM crri:>:iKeH:rreM BHeurnero curHarra "c6poc" c uMnyrr1,co1r .r,:m.rnapa~ 

Topa K. Bee GTo cymecTneHHO yrry"IIIIaeT pa6oTy rrpu6opa n ycrroBIIlIX 6orr1,

IIIIIX oarpyoox_ K HerrpIIBhl"IHhlM oco6eHnocTi!M npeo6paoonaTerril crrep;yeT 

OTHeCTil ero o6paTHYIO npeMeHHJIO III.Karry. 
Ilpn nonJiomenHII 3Toro MeTo;:i;a cxe:..m rrpuHmiaeT crre;:i;yIOlllIIII nn;;:1 ( pnc .3). 

Ha GTOM )Ke pncyme gaHhl guarpa11M1,1 uarrpa.iKemrii n cxeMe. 
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Ilpeo6paoonaHHhlii IIHTepna.'I T O orrpe;n:err.ireTc.lI BhlpaJKeune:..1: 

T0 = RC- t * (16+ I")/IM, 

rge t - II3Mep.HeMhlII 1mTepnarr. h u J" - TOKII oap.Hga n gooapll;i;a. 3Tu 

TOKII ognonolI.lipm,ie, c:i:egonaTeJII,Ho,nap;a'rn cTa6mnman;mr npeo6paoonaH

Horo IIHTepnarra pernaeTCil rrogo6IIe;\I IICTO"IHIIKOB TO.KOB. 

YrrpomeuuM npnun;mmarrI,HM cxe:..rn rrpeo6paoonaTerr.lI no.Kaoana ua puc.4. 

CTapT +~1DOR2 Ir_ ----u~---1, 
i--VT3 VT4--1~ 

T2 I fb I Ux 

7-d , =r= 1 Y'8 
I IR6 

C-r Uc 

Un 

h1 I I hr 

Puc. 4 
KrrIO"III pearrnoonan1,1 na l\I,Il;Il-Tpau:,ucTopHhlX c6op1.:ax K590I.;:Hs. 'IpaH

oucTop1,1 VT3, VT4, VT7. VT8-1m Mm:pocxeMhl K59OKH8A. Cor:i:acyIO

lllIIe yc1mIITerr1,u1,1e Kac.Kai);hl VTL VT2 n :VT5, VT6 -- uo :..mKpocxe:..thl 
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K590KH8B. KoimapaTop K - Tima K597CA1. OrrhlTHbIII o6paneu rrpeo6-
panoBaTerur BhlII0JIHeH B DII)];e im;:i;yrrH KA~IAK e;:i;nH11~rno11 umpnm,1. 

Ilpeo6panonaTeJib IIMeeT crreµ;yrollIIIC xapaKTCpIICTIIKII: 

'IIICrro KaHarron rrpeo6panonamrn - 2048 ; 
'IHCJI0 )];liaIIa30H0B lI3~IepeHII.lI - 64 ; 
MlIHIIMaJibHblli µ;uarra30H II3Mepemrn - 75 HC 
MaKClIMaJibHbili ;:i;narra30H II3Mepemrn - 3 1\1:Kc ; 
)];Hq>q>epeHIJ;HaJibHa.lI HCJIHHCilHOCTb - 5 % . 

AnTopbI Bblpa2KaroT 6rraroµ;apHOCTb B.M.Ipe6eHroKy 3a coneTbI 11 110-
Mou.u, n pa6oTe. 

PyxonHCb nocrynHJJa B H3J(aTCJlbCKHH OTJ(CJl 

14 J(CKa6pll 1992 ro.n:a 
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